The purpose of this paper is to assess the importance of geographical location in the banking sector efficiency of the Sino-ASEAN (Association of Southeast Asian Nations) region, and how the location was affected before, during and after the financial crisis. Using a panel of data from 407 banks from China, Indonesia, Malaysia, the Philippines, Singapore, Thailand and Vietnam from 2000-2013, this study applies data envelopment analysis, Tobit regression, bootstrapping, and Simar and Wilson double bootstrapping regression. The empirical evidence suggests that the banking market has an important and significant role in the efficiency of the banking sector in the Sino-ASEAN region. The significant country's coefficients suggest that during the pre-crisis period, banks belonging to China and Indonesia were more likely to be efficient due to the geographical location effect. The study finds the same tendency among Chinese banks in the crisis period as in the period before the crisis. Overall, the results suggest that Chinese banks outperform banks from the ASEAN countries in terms of efficiency. This study raises some significant policy implications for improving bank efficiency.
Introduction
The banking sectors of the East Asian countries are homogenous for at least three reasons: Firstly, the commercial banks are predominant sources of financial assets, holding more than 80 percent of the region's financial assets (Chan et al. 2015) . Secondly, the governments promote banking sector consolidation in the region through mergers/acquisitions to boost banking sector stability (Soedarmono et al. 2013) . Thirdly, the countries have liberalized their entry barriers for regional banks to promote regional banking integration through the adoption of regional integration frameworks, such as the Association of Southeast Asian Nations (ASEAN) Banking Integration Framework (ABIF) in March 2015, the ASEAN-China Free Trade Area (FTA) in January 2010 and the ASEAN Plus Three cooperation in December 1997. The ASEAN Plus Three cooperation includes China, Japan and South economic development. Economic diversity may influence large regional banks from relatively developed countries with comparatively low profit margins to move to comparatively less developed countries with a relatively high profit margin (Noman et al. 2017 ). This study further estimates the effect of the GFC on the efficiency of commercial banks in China and ASEAN countries. This is important to identify whether a given bank suffered from the GFC due to inefficiencies in the region.
This study contributes to banking literature in a number of ways. The study enhances the literature on estimating and comparing the technical efficiency of Sino-ASEAN banks, especially during the GFC period. Firstly, this study estimates the efficiency of Sino-ASEAN countries using a non-parametric data envelopment analysis (DEA) approach. Secondly, it uses second step analysis by estimating the bank specific and country specific determinants on bank efficiency using Tobit regression and Simar and Wilson (2007) double bootstrapping regression. Thirdly, it incorporates the geographical location effect to investigate the role of location on efficiency in the region. Fourthly, it examines the effect of the GFC on efficiency. The study finds that Chinese banks dominate the Sino-ASEAN efficiency frontier regardless of the period, suggesting that Chinese banks outperform ASEAN countries' banks in terms of efficiency, though the efficiency of Chinese banks has sharply declined over the GFC period. Our results also support the hypothesis that location or the banking market has an important and significant role in explaining banking sector efficiency in the Sino-ASEAN region. The significantly positive location coefficients in our model suggest that during the pre-crisis period, banks belonging to China and Indonesia were more likely to be efficient due to the location effect. We found the same tendency among Chinese banks in the crisis period as in the period before the crisis.
The rest of the paper comprises the following sections: Section 2 discusses the data and methods, Section 3 presents the results and discussion, and the final section deals with our conclusion and recommendation.
Methodology

Data and Variables
In the present international setting, the need for comparable data from different countries imposes substantial restrictions on the type of variables one is able to use, not least because of the various accounting criteria used in the seven countries under investigation. To minimize any possible bias arising from different accounting practices, broad variable definitions have been chosen, as presented by Orbis Bank Focus (OBF), formerly known as Bankscope. The data of bank-specific variables from a sample of 716 banks from Sino-ASEAN countries (total active banks for these seven countries, where six countries were from the ASEAN) was extracted from the OBF database. The data for the macroeconomic variables was extracted from the World Bank (2014) database. Table 1 shows the variable definition used in our analysis, both in DEA, Tobit regression, bootstrapping Tobit and the Simar and Wilson (2007) double bootstrapped procedure. We selected China and the above six ASEAN countries based on their contribution to the entire ASEAN banking industry (based on total assets) and the availability of data. In order to maintain consistency across countries, only commercial banks were included in the analysis. The result is a panel sample of 407 banks with 2870 bank-year observations. The data were extracted from the nonconsolidated income statement and balance sheet data for the years [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] . The percentage of the total number of banks for each country in the sample is summarized in Table 2. Tables 3 and 4 show the descriptive statistics of the variables used in the DEA estimation and regression analysis. All data are reported in USD (million). We split the period into three parts: 2000-2006 as the pre-global financial crisis period, 2007-2009 as the global financial crisis period and 2010-2013 as the post-financial crisis period. We did this in order to show the impact of the GFC on Sino-ASEAN banking industry efficiency. For banks with missing information, we have looked at the individual bank's websites to determine the appropriate classification. Finally, we calculated the efficiency score year by year and we obtained different observations in different years, which are mentioned in Table 5 . Table 5 . Country-and year-wise contribution of efficient banks in the Sino-ASEAN frontier (in %). China  24  60  59  51  50  53  61  75  64  74  62  69  63  60  Indonesia  24  20  13  15  16  3  0  3  0  0  0  3  5  2  Malaysia  17  5  16  12  16  8  7  8  12  6  13  13  10  9  Philippines  0  5  0  0  6  3  2  0  2  0  2  0  3  2  Singapore  7  5  3  5  6  18  15  10  12  11  15  8  13  13  Thailand  14  0  6  10  0  13  2  3  7  0  2  3  0  0  Vietnam  14  5  3  7  6  5 12 3 2 9 6 5 8 13 All 100 100 100 100 100 100 100 100 100 100 100 100 100 100
Methods
Following Banna et al. (2017) , this study uses an input-oriented (cost minimization) approach of data envelopment analysis (DEA) to measure efficiency. In input-orientated models, the DEA method is used to classify technical inefficiency as a relative decline in input usage as well as to quantity technical inefficiency as a proportional increase in output or production. These two measures provide the same value under a constant return scale (CRS), but different values under a variable return scale (VRS). This has both theoretical and practical implications, for example, in businesses where the importance is placed on cost-control, the choice would be an input orientation (Ferrier and Valdmanis 1996) . Besides, the choice of a VRS over a CRS is justified, such that all banks are not operating at an optimal scale due to imperfect competition and financial constraints (Barry et al. 2010) .
A few issues have been raised by researchers while using non-parametric methods. However, the "two-step procedure" developed by Grosskopf (1996) and Lovell et al. (1995) is used to overcome this problem. This approach treats the efficiency score as regressand and the regression explains the variation of these efficiency scores. Casu and Molyneux (2003) argued that two-stage analysis is important, because in the first stage, only traditional inputs and outputs are involved, while in the second stage one can easily evaluate the direction, influence and strength of the relationship. They also claimed that a Tobit regression model (Tobin 1958 ) could be used, as it can explain the truncated data.
Another issue with using non-parametric methods is the dependency problem. The dependency problem exists because the DEA efficiency score is a relative and not absolute efficiency index (Xue and Harker 1999) . To overcome this problem, the bootstrap method that was introduced by Efron (1979) is used. The advantages of the bootstrap method are that it gives an empirical distribution of efficiency scores for each observation in the sample (Atkinson and Wilson 1995) and that it evaluates the sensitivity of efficiency scores to the sampling deviations of the estimated frontier (Simar and Wilson 1998) .
Although, we used bootstrapping Tobit regression in this study to minimize biased estimation and misspecification in the second stage. However, Simar and Wilson (2011) and Daraio et al. (2018) criticized the use of Tobit regression in the second stage, as it produces biased estimates and miss-specification. They argued that, in Tobit regression, explanatory variables are correlated with the disturbance term, hence the regression assumption of the disturbance term is independent of the explanatory variables and becomes invalid (separability issue). In this study, we also used a Simar and Wilson (2007) double bootstrap approach for the robustness of the study. The double bootstrap approach, in particular, helps to limit the problems arising both from the endogeneity of outreach measures, with respect to the efficiency of microfinance institutions (MFIs), and from the autocorrelation of the non-observable components of efficiency (Mia et al. 2018 ). This two-stage approach constitutes a methodological cornerstone in the literature for identifying the determinants of efficiency of financial institutions (Fukuyama and Matousek 2011) . While using the Simar and Wilson (2007) bootstrapped procedure, we assumed that the "separability" assumption holds in the analysis.
Input and Output Selection
Although there is no inclusive theory for the banking firm and no agreement on the explicit definition and measurement of banks' inputs and outputs, Berger and Humphrey (1997) explained that an "intermediation approach" may be more suitable for assessing entire financial institutions, because of the inclusion of interest expenses, which typically account for one-half to two-thirds of total costs. Besides, the intermediation approach may be appropriate for assessing the significance of frontier efficiency to the profitability of financial institutions, since the minimization of total costs such as interest expenses, non-interest expenses and personnel expenses, not just production costs, is required to maximize profits. Following the previous studies (Banna et al. 2017; Casu and Molyneux 2003) , the intermediation approach is used in financial institutions as intermediaries between the supply and demand of funds. The critical significance of the intermediation approach is to consider deposits as inputs and interest on deposits as an element of total costs. Therefore, we considered interest expenses, non-interest expenses, personnel expenses and deposits as inputs, whereas total loans, liquid assets and other earning assets were considered as outputs.
Empirical Model Specification
To calculate the efficiency score, this study used a two-step DEA approach, as proposed by Coelli et al. (1998) using the DEAP version 2.1 computer programming software to estimate the efficiency score 2 . The mathematical specification of the DEA-VRS input-oriented model is as follows:
Min θ Such that:
where θ is the efficiency score, A ij and B qj are the amount of the ith input consumed and the amount of the qth output generated by the jth bank, respectively. The index m refers to the number of bank observations, x equals the four inputs (interest expenses, non-interest expenses, personnel expenses and deposits) and y refers to the three outputs (total loans, liquid assets and other earning assets) and ϕ is constant. Furthermore, in order to examine the determinants of Sino-ASEAN bank efficiency, we used the efficiency measures derived from the DEA estimations as the dependent variable using STATA version 15. We then estimated the following censored Tobit regression model for each of the sample countries.
We estimated numerous variations of Equation (1), including more and less aggregated inputs, combining the output measures and dropping individual inputs. The inferences of the study remain unchanged across the different DEA specifications. ε ijt = Error term of the bank i of country j in year t. Table 3 provides the descriptive statistics on the inputs and outputs used in deriving DEA based efficiency scores for each bank in the region. Substantial differences were found in almost every variable across the sampled countries. We focused on two of them, the loans and the deposits, to compare the relative size of the banking sector of each country in the region. Specifically, we observed higher loans and deposits for China, followed by Singapore and Thailand, indicating the larger banking markets of these countries within the region. We also observed that Singapore, which comprises the smallest proportion of banks in our sample, had the second largest banking sector after China in the region in terms of loans and deposits. This indicates that Singapore has fewer but larger banks in this region. In contrast, Indonesia, with the second largest representation in the sample, has a relatively small size of loans and deposits, indicating the typical Indonesian banking market structure of many smaller banks.
Results and Discussion
Descriptive Statistics
The descriptive statistics of the variables applied in the regression analysis are produced in Table 4 . The table reports the mean, standard deviation, 25th, 50th (median) and 75th percentiles for each variable in the sample. A few observations from this table are noteworthy for the DEA scores. First, the efficiency scores for the region have a mean value of above 0.6 (mean = 0.637, median = 0.63), indicating the general tendency towards efficiency in the region. With these values, we infer that an average bank in the region suffers from about 36% (i.e., approximately 0.637-1) of the inefficiencies during the period of study.
DEA Efficiency Estimation
Figure 1 depicts the country-wise mean efficiency scores for the whole period graphically. Generally, we observed a declining trend in efficiency scores over the period. Efficiency levels in the Sino-ASEAN region began to fall before the GFC, however, the pace after the crisis was faster. Specifically, the efficiency of Chinese banks seems to be declining, but at a decreasing rate. In contrast, except for Thailand and Singapore, the efficiency level of banks in the ASEAN follows a gradual decline over the period. Apart from a steep fall in efficiency in 2004, the banking sector efficiency of Thailand and Singapore is relatively stable, hovering around 0.7. These observations imply the relative importance of location in determining banking sector efficiency during the sample period. We note that although the wave of the GFC was felt globally, its impact varied considerably between banking markets in different locations.
We summarize in Table 5 the contribution of efficient banks from each country in relative (percentage) terms in the Sino-ASEAN region. Our results show the dominance of Chinese banks in the formulation of the efficiency frontier. More specifically, in almost every year, Chinese banks make up more than half of the banks on the efficient frontier. This also indicates a relative immunity Economies 2019, 7, 13 8 of 23 in the Chinese banking sector to the crisis. After China, Malaysian banks contribute most to the efficiency frontier, followed by Singapore. Results pertaining to Thailand and Philippines follow an almost similar pattern. Their contribution is noticeably lower in the post-crisis efficiency frontier. The contribution of the other banking markets seems relatively volatile.
Thailand and Singapore is relatively stable, hovering around 0.7. These observations imply the relative importance of location in determining banking sector efficiency during the sample period. We note that although the wave of the GFC was felt globally, its impact varied considerably between banking markets in different locations.
We summarize in Table 5 the contribution of efficient banks from each country in relative (percentage) terms in the Sino-ASEAN region. Our results show the dominance of Chinese banks in the formulation of the efficiency frontier. More specifically, in almost every year, Chinese banks make up more than half of the banks on the efficient frontier. This also indicates a relative immunity in the Chinese banking sector to the crisis. After China, Malaysian banks contribute most to the efficiency frontier, followed by Singapore. Results pertaining to Thailand and Philippines follow an almost similar pattern. Their contribution is noticeably lower in the post-crisis efficiency frontier. The contribution of the other banking markets seems relatively volatile. Further, the period-wise breakup in Table 6 shows most of the efficient banks belong to China, followed by Indonesia and Malaysia, during the pre-crisis period. However, during the crisis period, the contribution of Indonesian banks declined significantly, while Malaysian and Chinese banks remained stable. During the crisis period, the share of Indonesian banks declined drastically to 1% from 13% in the pre-crisis period. The share of Singaporean banks on the other hand increased noticeably during the crisis period. We observe banks from Singapore have an increasing contribution to the efficiency frontier, especially during the crisis and post-crisis period. In short, our analysis indicates the highly stable contribution of Chinese banks in the efficiency frontier, regardless of the period. The share of Chinese banks rose above 70% during the crisis period, mainly owing to the decline of efficiency in other banking markets. Further, the period-wise breakup in Table 6 shows most of the efficient banks belong to China, followed by Indonesia and Malaysia, during the pre-crisis period. However, during the crisis period, the contribution of Indonesian banks declined significantly, while Malaysian and Chinese banks remained stable. During the crisis period, the share of Indonesian banks declined drastically to 1% from 13% in the pre-crisis period. The share of Singaporean banks on the other hand increased noticeably during the crisis period. We observe banks from Singapore have an increasing contribution to the efficiency frontier, especially during the crisis and post-crisis period. In short, our analysis indicates the highly stable contribution of Chinese banks in the efficiency frontier, regardless of the period. The share of Chinese banks rose above 70% during the crisis period, mainly owing to the decline of efficiency in other banking markets. Table 7 summarizes the mean efficiency scores based on constant returns to scale (CRS) and variable returns to scale (VRS) for the three periods (i.e., pre-crisis, crisis and post-crisis) for the sampled countries. The Kruskal-Wallis (KW) test that was performed indicated significant differences between the mean scores for each period. The region was more efficient before the crisis period, whereas the lowest efficiency was observed during the post-crisis period, suggesting a slower pace of recovery after the GFC. 
Diagnostic Test
In order to test for the integration and stationary properties of the variables used in this study, we applied the Fischer-augmented Dickey-Fuller (ADF) panel unit root test. The econometric literature offers a number of unit root tests, however, the Fischer-ADF root test is advantageous to use as it allows for maximum heterogeneity across units. Maddala and Wu (1999) applied non-parametric methods to conduct a Fischer-ADF unit root test. The test performs the null hypothesis that the series is non-stationary (or it has unit root). Table 8 summarizes the test statistics from the Fischer-ADF test in all versions, with and without trend and drift. The results indicate that the hypothesis of the unit root is rejected at a 1% level, in favor of stationarity. Table 9 reports the univariate correlation between DEA efficiency scores and various determinants of bank efficiency. Correlation analysis is essential to understand the direction and strength of the two variables (Banna et al. 2018) . It is also helpful as a pre-regression diagnosis for multicollinearity between the studied variables. The results show that most of our selected proxies for various firm characteristics are significantly correlated with the efficiency scores. However, none of them are too highly correlated to cause the multicollinearity problem. We found that size, profitability, capitalization and GDP had a positive correlation with bank efficiency, while interest, inflation and the net interest margin (NIM), on the other hand, had a negative correlation. 
Regression Results
Since efficiency scores are constrained between zero and one (Fried et al. 1993) , we estimated the model through Tobit regression. Dougherty (2001) noted that ordinary least squares (OLS) yields biased estimates in this case. From Model 1-9, we calculate Equation (2) using the dummy for a specific country in each model to test if the geographical location effect is evidenced through the significance of the country's dummy coefficient (see Table 10 ). Model 8 uses an ASEAN dummy, holding China in the reference category. Finally, for an additional check of robustness, we ran a common model (Model 9) including all the country dummies for each country except China, which we held as a reference.
In each model, we controlled the commonly used bank-specific and country-specific determinants of efficiency to isolate the effect of the geographical location. The bank-specific variables included size (proxied by the natural log of assets), profitability measures such as ROAA and NIM and capitalization, measured as a capital ratio. The country-specific variables included GDP, inflation and the real interest rate. In bank-specific covariates, size and efficiency have a complex relationship, as some studies have found a positive relationship (Berger 1995; Hasan and Marton 2003) , while others have observed negative relationship (Allen and Rai 1996; Kaparakis et al. 1994 ). The empirical relationship between profitability and efficiency is also unclear, although, profitability should positively affect efficiency (Berger 1995) . Some studies (such as Altunbas et al. 2000 among others) have found a negative relationship profitability and efficiency.
Capitalization may influence bank performance in either direction. A low capital ratio magnifies risk, which may lead to an inverse relationship between capitalization and efficiency, as more efficient banks can afford to take greater risks (Berger 1995) . However, an argument can also be made in favor of a positive relationship, as a lower capitalization ratio might decrease the bank's cost of capital (Molyneux 1993 ) and expected costs of financial distress (Berger 1995) . Previous studies generally support a positive relationship (Berger 1995; Demirgüç-Kunt and Huizinga 1999; Goddard et al. 2004 among others). Bank efficiency may also be sensitive to changes in macroeconomic conditions. Therefore, we use GDP to control for economic development and inflation to control for economic stability. Growth might lead to an overall increase in banking sector efficiency, resulting in a direct relationship between GDP and efficiency. Inflation may affect bank efficiency through the channel of the real value of banking sector costs and revenue (Perry 1992) . Table 10 displays the Tobit regression results for the geographical location effect and other control variables. Model 1 (as given in Equation (2)) tests the country effect of China, using the dummy for China. Applying a similar procedure, we run the regressions for each of the other six countries in the sample (Model 2-7) and the ASEAN countries (Model 8). Turning to the results, we first noticed that all of the country dummies returned significantly in Models 1-8, which suggests evidence of the geographical location effect during the period of analysis. For a further check of robustness, Model 9 employs all the country dummies in a single model and tests our first hypotheses by determining whether the coefficients of the country dummies were significant individually (H0: γ 8−14 = 0) and Equation (2) determines whether they differed significantly from each other (H 0 : γ 8 = γ 9 = γ 10 = γ 11 = γ 12 = γ 13 = γ 14 ). We held China as a reference to avoid the dummy variable trap. The results of the Wald test suggest a rejection of the null hypothesis of equality of intercepts of the banking markets under study. Therefore, our results bolster the hypothesis that the location or banking market has an important and significant role in explaining banking sector efficiency in the Sino-ASEAN region.
Among the bank-specific factors, size, profitability and capitalization returned as positive and highly significant (p < 0.01), with highly stable estimates across all the models applied in our study, supporting the findings of Mester (1996) , Lozano-Vivas et al. (2002) and Carbo et al. (2003) . Turning to the country level determinants, we observed the significant positive impact of the country's growth on bank efficiency. This suggests that countries experiencing higher growth also had a more efficient banking sector during the period of study. Our result is consistent with Grigorian and Manole (2006) . Both inflation and real interest, on the other hand, returned a negative coefficient in the regression.
As expected, this confirms the detrimental effect of economic instability on the efficiency of the banking sector. Our results thus support Tajgardoon et al. (2012) .
We extended our analysis of the location effect on banking sector efficiency by including the effect of the global financial crisis (see Tables 11-13 ). In order to achieve this objective, we divided our sample into three sub-periods (pre-crisis, 2000-2006; crisis, 2007-2009; post-crisis, 2010-2013) and performed the regression analysis for each period. The significantly positive country dummy coefficients in our model suggested that during the pre-crisis period, banks belonging to China and Indonesia were more likely to be efficient due to the geographical location effect. No other country dummy returned as positive, suggesting that banks in these nations experienced relatively low efficiency during this period, which could be attributed to the geographical location effect.
The results during the crisis period further bolster the evidence of the geographical location effect on the efficiency scores of banks. We observed that unlike in the pre-crisis period, the Indonesian dummy returned as negative and significant, whereas Malaysia returned as significantly positive. These results suggest that Indonesian banks were no longer able to capitalize on the positive effect as they had before. We found the same tendency among Chinese banks in the crisis period as in the period before the crisis. Finally, evidence for geographical location effect was also found when we found a significantly negative coefficient for the Chinese dummy, which was consistently positive during the previous periods. The decline in banking performance, especially the efficiency of the banks in China, may be due to non-performing loans and special mention loans (Jiang et al. 2007 ). On the other hand, Singapore and Thailand returned as significantly positive in the model, which were showing a negative effect during the earlier periods. The changing signs of the country dummies were statistically significant during the different periods of our location effect analysis, clearly indicating the importance of the geographical location effect in terms of banking sector efficiency in the Sino-ASEAN region.
Robustness Check
The results presented and discussed so far need to be interpreted with caution, due to the violation of independence within the sample, which is one of the fundamental assumptions of the regression method. The problem of dependency within the sample stems from the inherently dependent nature of the efficiency score. To overcome this limitation we applied a bootstrapping technique, as described by Xue and Harker (1999) .
To implement the bootstrapping technique, we first created the sample probability distributionF and assigned each decision-making unit (DMU) a probability of 1 /n 3 . We then created 1000 random bootstrap samples, each with 220 banks from the observed sample of 220 banks in the Sino-ASEAN region, and computed the DEA based efficiency scores for each bootstrap sample. For each bootstrap sample, we fit the following regression equation and estimated the standard error se c β j by the sample standard deviation of the 1000 bootstrap replications of β j . Finally, we applied the traditional t-test to test the hypothesis of β j = 0 against β j = 0 at a conventional 5% level.
The estimates from the bootstrapping procedure are summarized in Table 14 . The results of bootstrap regression are fairly similar to our earlier findings. The F test signifies the rejection of the null hypothesis that the intercepts for the seven banking systems are equal. Likewise, all the results for the control variables were similar to our previous Tobit regression.
As Wilson (2007, 2011) criticized the Tobit regression model because of biased estimations, misspecification and separability issues. Based on their suggestion, we also ran the Simar and Wilson (2007) double bootstrapped truncated regression model, using 2000 replications in the second stage holding separability assumption. The double bootstrapping results are presented in Table 15 . 3 To complete this exercise, the balanced sample on a pooled Sino-ASEAN basis (220 observations) was considered. Dependent variable = DEA score, ***, **, and * represent significance at 1%, 5% and 10% levels of confidence. ROAA, CAR, NIM, IF, RI, CN, ID, MY, PH, SG, TH and VN refer to return on average assets, capital adequacy ratio, net interest margin, inflation, real interest rate, China, Indonesia, Malaysia, the Philippines, Singapore, Thailand and Vietnam, respectively. All other variables are defined in Table 1 . Table 11 . Determinants of bank efficiency (Tobit regression) pre-crisis. Dependent variable = DEA score, ***, **, and * represent significance at 1%, 5% and 10% levels of confidence. ROAA, CAR, NIM, IF, RI, CN, ID, MY, PH, SG, TH and VN refer to return on average assets, capital adequacy ratio, net interest margin, inflation, real interest rate, China, Indonesia, Malaysia, the Philippines, Singapore, Thailand and Vietnam, respectively. All other variables are defined in Table 1 . The results of the double bootstrap regression model suggest that Chinese banks outperform ASEAN banks in terms of efficiency and that the GFC had a significant impact on bank efficiency in Sino-ASEAN countries. These results are similar to our earlier findings. Likewise, all the results for the control variables were similar to our previous direct Tobit regression and bootstrapping Tobit regression models. Overall, these findings suggest that although direct Tobit regression may yield misleading results, however, in the case of this study, the results are reliable, as verified by the bootstrapping and double bootstrapping regression models. Dependent variable = DEA score, ***, **, and * represent significance at 1%, 5% and 10% levels of confidence. ROAA, CAR, NIM, IF, RI and CN refer to return on average assets, capital adequacy ratio, net interest margin, inflation, real interest rate and China, respectively. Crisis refers to the global financial crisis. All other variables are defined in Table 1 .
Conclusions and Recommendation
The main objective of this paper was to assess the importance of the geographical location effect on banking sector efficiency in the Sino-ASEAN region. We extended our analysis further by studying the significance of the geographical effect during and around the global financial crisis. DEA based efficiency scores were first derived as a proxy to banking sector efficiency across the region to be evaluated through Tobit regression and the Simar and Wilson (2007) double bootstrapping method.
The results suggest that Chinese banks have a dominating power in the formulation of the frontier. After China, Malaysian banks contribute most to the efficiency frontier, followed by Singapore. The contribution of Chinese banks in the efficiency frontier matters a lot. Although the Chinese banking sector is outperforming the ASEAN banking sector in terms of efficiency, the Chinese banking sector efficiency sharply declines over the period. Hence, the overall efficiency frontier is contracting and China is driving that contraction. The results clearly indicate the significance of country-specific factors in explaining banking sector efficiency across the region. One of the contributions of this paper was to assess the role of country-specific aspects during and around the global financial crisis. Our piecewise regression for the pre-crisis, crisis and post-crisis periods suggests that the geographical location effect was a significant determinant of banking sector efficiency throughout the period of our analysis. The results indicate that much of the variation in the efficiency of banking markets in the Sino-ASEAN region are due to the geographical location and country-specific factors. Similar to the findings of earlier studies in Europe (Pastor et al. 1997) , our study confirms the role of country-specific factors as the major determinants of banking efficiency level across the Sino-ASEAN region. Xue and Harker (1999) identified the dependency problem in DEA based scores, which contradicts with the basic regression model. The presence of a dependency problem thus may lead to unverifiable results. Following the authors' suggestion, bootstrapping and double bootstrapping were used to overcome this problem. The results, however, were consistent with the direct Tobit regression.
Policymakers, regulators and investors should closely monitor the performance of banking in the Sino-ASEAN region. Although China and Singapore are performing better as compared to other countries in the region, policymakers and regulators should be more vigilant while following the strategic policies of liberalization, regulation and consolidation in these two countries. Policymakers might place emphasis on mitigating non-performing loans and special mention loans that may potentially reduce the efficiency level of Chinese banks. In the ASEAN region, which consists of countries with different stages of economic and financial development, there also exists a big problem in the harmonization of regulations, in terms of which criterion should be based. To accommodate the various risks entailed in the harmonization process, it will be necessary to allow some room for flexibility to member states. For instance, when the entry criteria of foreign banks may be too liberal to some of the member states, there will be a risk that foreign banks with loose risk management will be allowed to enter into such countries, destabilizing the financial system of them. In such a case, it may become necessary for them to take some discriminatory treatments (from domestic banks), depending on the risk management capacity of the entering banks. On the other hand, in the case of a country with a less developed financial market, there is a risk that its domestic market will be dominated by foreign banks. In this case, there will be a need to allow the country to put off the entry liberalization schedule or put a ceiling on the share of foreign banks in the domestic market. This research can be extended further by analyzing the dynamic relationship of the regulatory framework, ownership structure and bank efficiency in the Sino-ASEAN region, as well as other Asian countries. 
